Purpose -The adoption of the ISO 9001 Quality Management Systems Standard has proven to be a persistent and growing phenomenon in services and manufacturing, yet to date little research has been done that can indicate how far improved business performance can be attributed to it rather than counter-intuitive causes. The paper aims to examine the evidence for the causal links between quality management system certification and improved performance in the empirical literature. Design/methodology/approach -A method is proposed for testing how far performance improvement can be attributed to quality management system certification and how far attribution to other causes applies. This method is illustrated on a longitudinal study and then utilised to interpret the findings of other longitudinal studies. Findings -It is concluded that although there is some evidence to indicate that quality management system certification has some causal influence on business performance, there is also evidence for the existence of a substantial mechanism whereby better performing firms self-select to adopt certification. Possible causes for this mechanism are discussed. Research limitations/implications -The existence of a self-select mechanism has profound implications for interpreting business performance achievements associated with quality management system certification because the benefits found may well be inflated by its presence. The authors suggest that richer theory is needed that can incorporate bi-directional influences and new research is needed to explore the underlying causes of adoption selection effects. Originality/value -The paper provides researchers with a method for testing and discussing causation influences on results. It provides evidence that a substantial part of the association found in the research on quality management system certification and business benefits may be due to counterintuitive causes.
Introduction
Although most "new" ideas in management have short life spans and are discarded when eclipsed by the next fad (Carson et al., 2000) , adoption of third party accredited ISO quality management system standards has proven to be a persistent and growing phenomenon. Its persistence suggests that it is not simply another management fad but will remain an influential global management meta-standard (Uzumeri, 1997) .
Despite the high cost of achieving and maintaining registration to the ISO 9001 quality management system standard, more than 750,000 organizations in 161 economies have made the investment (ISO, 2005) . ISO 9001 Registrars make bold claims for the business benefits of quality management system certification, for instance in the USA, ANAB (2005) claim 16 benefits from quality management system certification including increased operational efficiency, cost savings from less rework, customer satisfaction, competitive edge, perceived higher quality and increased market share. In Europe similar claims are made (Breeze, 2004) . This raises the question of whether the claims for attribution of improved performance to quality management system certification are valid. This motivates us to explore whether there is evidence for benefits and in particular what evidence there is to prove whether mechanisms other than certification to the ISO 9001 standard could be the cause.
In this paper, we propose a method for identifying causal direction of performance and contrast its results with those for the cross-sectional analysis methods usually employed. We demonstrate that the proposed method can lead to very different results and conclusions to those obtained from cross-sectional analysis methods. We find that reverse attribution (better performance preceding quality management system certification) is a major mechanism that explains the superior performance of certified firms found in our earlier study (Heras et al., 2002a) . The method is then used to interpret the results of previous empirical studies. These analyses cast doubt on the causal inferences being drawn from the literature that finds an association of ISO 9001 accreditation with better business performance.
The paper looks first at the causal links between quality management system certification and improved performance before looking at evidence for them in the empirical literature. We then discuss methods for attributing causal direction and demonstrate their use on previously published data. We conclude with a discussion of the implications of our analysis for the attribution of performance in studies examining quality management system certification to ISO 9001 (hereafter referred to as QCert).
Literature

A quality and business causal model
Although there is general agreement in the literature on the association between quality and performance, we need to note that there is little commonality in how the literature measures business performance or defines quality (Sousa and Voss, 2002) .
The literature is in broad agreement on the potential causal chain between improved quality systems and better performance. Both Garvin's (1984) quality model and Deming's (1986) imply that, as quality improves, waste is eliminated, costs are reduced, and financial performance improves. In the context of the ISO 9001 quality management systems standard the causal links can be extended as follows. A certified quality management system can achieve an increased emphasis on quality (Dick et al., 2000) leading to less waste and duplication of effort, and improvement in product quality. This means there are lower costs and less customer attrition which leads to increased sales volume, while lowering the average cost of acquiring new business. These in turn lead to improved profitability from a combination of lower cost of production, lower sales expenses and scale economies from greater sales volume. Indeed, even if not all the quality benefits materialize, the possession of the "Quality Badge" alone could lead to increased sales opportunities and so, improve profitability IJOPM 28,7 from increased sales volume. This causal model of improvements flowing from quality management system certification to improved business performance is shown in Figure 1 . We next examine the evidence in the literature for the performance benefits shown in Figure 1 and whether they are caused by quality management system certification.
ISO 9001 quality management and performance literature Here, we review the empirical work in peer-reviewed journals from 1990 to 2006 that include reference to ISO 9000 or ISO 9001, and performance or benefits. A six-stage approach to selection of articles was used. Initial screening of the 2000 or so electronic search listings excluded materials that were not in peer-reviewed journals, followed by a relevance screening to exclude articles that did not explicitly measure business benefits or performance variables. At this stage it was found that there were many studies reporting expectations of increased market share and improved product quality from ISO 9001 implementation (Ebrahimpour et al., 1997) , but there were less than 100 empirical studies on the business performance benefits actually achieved.
Of these articles only those that explicitly measured benefits that could be related to the model of Figure 1 were included. These were measurement of any of the following: waste, costs, better quality, higher sales, market-share or profitability ratios. A few articles were included that combined lower waste and lower cost as these can be viewed as closely related operational measures. Next, the research methods of each article were assessed and only studies that reported the statistical significance of the results and had sample sizes with sufficient statistical power were chosen. To determine statistical power we used Cohen's (1988, p. 31) table that calculates that samples larger than 76 are needed to ensure that a relationship . 0.4 will be detected at a significance level of 0.05 and a power of 0.8. This screening ensured that we avoided studies whose sample sizes are unlikely to detect statistically significant effects that are medium in magnitude and very unlikely to detect small effects.
Next, papers that included firms registered after 2000 were excluded, so that the findings could be viewed as being uninfluenced by the major quality standards revisions (ISO 9001:2000) that were applied from 2001 onwards. Finally, where an author had generated multiple publications from the same research data the paper that best matched our criteria was selected. Clearly, this process cannot claim to have This methodology resulted in a set of 26 research study results which may seem a small number compared to the apparently vast research output relating to ISO 9001 but it is comparable to findings of Ahire et al. (1995) who found only 29 empirical articles from the 226 on total quality management and business performance that they reviewed. Our analysis breaks the quality management system certification (QCert) papers we have selected into two groups. The first of these consists of "snapshot" (cross-sectional) studies or studies analysed on a cross-sectional basis that provide evidence of statistical validity. Peer-reviewed papers of this type started to appear in 1997 and continue with many of these using intervening variables on the firms' motivation for pursuing QCert to explain when performance gains were achieved. We start by briefly summarizing the findings of this first group in Table I before moving on analyse in greater detail the second group that will cover longitudinal studies that have the potential for indicate causal direction. Table I provides a summary of the first groups' findings and shows the study's first named author and whether their results support or not an association between QCert and the listed benefits. We start by summarising the studies in the upper part of Table I that do not include the influence of intervening variables. Overall, the upper part of the table indicates that the strongest findings are for the internal benefits of less waste (five from seven studies) and lower cost (five from nine studies). Support for external benefits is less compelling with better quality found in four from eight studies while only four from 11 studies found higher sales/market share and four from ten higher profits. In the lower part of the Table I , we see the research that uses "motivation" intervening variables where the common theme is whether the motives for adoption are internal or developmental rather than external motives (such as marketing benefits or customer pressure). The lower part of Table I shows that when "internal/ developmental" motives variables are present then most studies report a range of benefits from QCert. All eight studies find internal benefits (lower waste and or lower costs) while four from six studies report better quality. Results for higher sales/market share (three from six studies) or profitability (one from two studies) are mixed as only half show benefits. However, what is striking is that when internal/developmental motives for QCert adoption are absent, all the eight studies find that there are no business benefits to report.
Overall, the evaluation of the links between QCert and improved performance reveals that there is evidence in the field's empirical research to suggest that the broad range of benefits shown in Figure 1 are possible but uncertain unless motivation for pursuing QCert is for internal or developmental reasons. However, caution is needed in inferring that certification is the cause of the benefits found since the methodologies that are used in all the studies we have reviewed so far assume a positive direction of causation, i.e. that quality system certification leads to improved performance. Could these studies' assumption of only forward causality between ISO 9001 certification and improved business performance be erroneous? Could it be that reverse attribution also exists, i.e. that better business performance precedes QCert and is being mistakenly attributed to QCert? In other words, could it be that organizations with above average business performance tend to pursue QCert more than less profitable firms? This would explain or inflate the better performance found in the presence of QCert. IJOPM 28, 7 To examine this causation question we now examine in detail the second group of studies that covers four research articles that used research designs that could provide evidence of causality. Each of these longitudinal studies starts at the point when registration to the ISO 9001 standard began to expand in the country or sectors examined.
The first was Häversjö's (2000) longitudinal analysis of the returns on capital employed of Danish companies between 1989 and 1995. In this study, the 871 companies were compared with a control group of 644 firms matched by size, to see if the abnormal rate of return on capital employed improved after registrations. Häversjö's longitudinal results (Häversjö's, Table I, p. 48 ; summarized here in Figure 2 ) showed that the average financial performance of the certified organizations was superior to the non-certified organizations both before and after their registration but Figure 2 ) also shows that the 48 registered organizations had a consistently better return on assets employed, both before and after registration, compared to a control group of 48 non-registered organizations who were matched by industry and size to the certified companies. As with Häversjö no significant post-registration performance gains can be detected.
The third examined the performance of 544 US firms between 1987 and 1997 (Corbett et al., 2005) . In their study, to avoid the influence of reverse attribution control groups were constructed following the methods of Barber and Lyon (1996) . These involved individual matching and portfolio matching to, "industry-firm size" "industry-firm size-ROA", "industry-ROA", to achieve six control sets. Their findings indicate that differences in abnormal performance in ROA tend to be highest when compared to a control of one to one matching by industry and ROA (Table IV, p. 1052); but all the differences regardless of the control used show achievement of modest year-by-year gains (0.5 to 1.5 per cent) post QCert, few of which reach statistical significance. However, when these gains were aggregated, which increases the power of the tests, all of the control group sets showed that these small gains became statistically significant. t-5 t-4 t-3 t-2 t-1 t t+1 t+2 t+3 t+4 t+5
Notes: t is the year of quality certification, t + 1 is one year after quality certification, etc; *Corbett ROA standardized on t -2 year; **Naveh ROA standardized on t -1 year
The fourth is Naveh and Marcus's (2005) examination of 313 US firms between 1990 and 2000. Like Corbett et al. (2005) they used Barber and Lyons (1996) method to eliminate the influence of reverse attribution. They paired individual firms by, "industry", "industry-firm size", "industry-firm size-ROA" and "industry-firm size-ROA-Stock price performance". Regardless of control group type they found only non-significant yearly ROA gains for all of the five years following registration. However, like Corbett et al. they found that when these gains (which were more substantial than those found by Corbett et al.) were aggregated over the post registration five years these gains became statistically significant. This applied to all of the control groups.
Before drawing conclusions on these studies we need to consider whether different control group selection methods affect the reliability of results. To provide insights into this question we need studies that provide results for multiple non-certified control groups each of which is constructed by alternative methods. Fortunately two of the longitudinal studies that we have reviewed do this. Naveh and Marcus' (2005) findings indicate that industry matching is the most reliable criterion since they found little difference in the abnormal ROA of certified firms over a 60-month period when matching was done with an "industry matched control group" (ROA 5.23 per cent) or an "industry and size matched control group" (ROA 5.35 per cent). Similar conclusions are found in the accounting literature where matching by industry is considered the dominant criterion because size in addition to industry provides little or no benefit (Barber and Lyon, 1996) . However, caution is indicated from the results of Corbett et al. (2005) whose abnormal ROA over a five-year period shows that controlling for size (assets) in addition to industry does produce different results (ROA 8.98 per cent) than industry matching alone (ROA 5.82 per cent). From this it can be concluded that including a size control in addition to matching by industry is a prudent approach. This brings us to the question of how close should industry be matched in the control group?
Wayhan et al.'s method appears strong since it uses a four-digit SIC industry criterion for their control group that provides a close industry match along with size matching by assets. Naveh and Marcus (2005) uses a three-digit SIC criterion where possible while Corbett et al. (2005) used a looser two-digit SIC criterion as they wished to avoid discrepancies at the three-and four-digit level that have been found in their database by previous researchers (Guenther and Rosman, 1994) . Although it is clear that each of the longitudinal studies uses different detailed selection methods for their control groups all apart from Häversjö have used a systematic approach that attempts to align their control group as closely as possible to the industries of their QCert sample along with a control for the firms' size. Thus, each study may have a distortion in their results because of methodological differences that in absolute terms makes them not directly comparable. However, what is noticeable in both Naveh and Marcus, and Corbett et al. studies are that regardless of the control group used, the year by year trend in the detailed results remains reasonably consistent.
The next question is whether it is better to use one-to-one matching in the construction of the non-certified control group rather than using a portfolio approach where the certified firm is compared with a pool of similar firms. Corbett et al.'s study provides information on this as they contrast results for a "portfolio" and "one-to-one matched" method for each of their control group construction methods. Their detailed Shedding light on causation results show that although there are some differences in results between portfolio and one-to-one matching, the trend in results within the groups is similar. Therefore, regardless of differences in control group construction it appears that the trend in results for each control group choice remains reasonably consistent year by year. This is because these four studies use repeated measures so any distortions due to the method of selection of the control group are consistent, therefore allowing reliable interpretation of inter-year performance differences for each study. So we must conclude that comparing the absolute level of abnormal ROA between one study and another can be an unreliable measure because their comparator will be affected by differences in control group construction method. However, the year by year differences within each study can be viewed as reliable indicators because they are not affected significantly by the choice of control group construction method. Thus, we can reliably analyse the influence of QCert on performance over time for these studies.
The results of these four studies are shown in Figure 2 (here we report Corbett et al.'s and Naveh and Marcus's findings against their "industry-firm size-ROA" matched control groups since their chosen reporting method aims to standardize ROA to show abnormal ROA returns above those achieved pre-certification). In Figure 2 , it can be clearly seen that there is no discernable improvement trend in profitability post-certification in Häversjö or Wayhan et al.'s studies while Corbett et al.'s post-certification performance indicates only small changes compared to the steady and worthwhile performance differential seen in Naveh and Marcus's firms.
From Figure 2 , it is clear that the pre-certification profitability of Häversjö's and Wayhan et al.'s certified firms is better in all the years leading up to certification compared to their non-certified control groups. This better than average pre-certification profitability is also noted by Corbett et al. (2005 Corbett et al. ( , pp. 1051 Corbett et al. ( , 1057 and Naveh and Marcus (2005, p. 19 . Table VIa) and eliminating its effects on their results is one of the prime objectives of their methodologies. So, taken together these longitudinal studies do provide evidence that adopters of QCert tend to be firms with above average performance prior to their certification. In other words better performing firms have a tendency to self-select to adopt certification. However, of the four longitudinal studies that could indicate that QCert leads to improved profitability only two do so. Naveh and Marcus provide evidence of profitability benefits of a meaningful effect size while Corbett et al. find statistically significant gains, but on a more modest scale.
This tendency towards superior performance prior to QCert is a cause for concern since it suggests that the cross-sectional studies/analyses, reviewed earlier, that report performance benefits from QCert may be attributing to QCert benefits that are in part or primarily due to the better performance preceding certification.
Clearly, attributing performance to QCert (or any other management initiative) is more complex than might first appear, and our review of the empirical literature suggests that there is a paucity of research designs that can show that performance benefits found can be safely attributed to QCert and none that explicitly set out to separate the influence of reverse attribution from that of quality certification. With this in mind we next discuss a method for testing attribution of performance, demonstrate its use and then relate our findings to those in our literature review.
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Methodology Attribution testing Ideas on causation have exercised philosophers since Aristotle but perhaps the most appropriate modern regularity theory for use in the management field of enquiry is that of a cause being a sufficient condition for the occurrence of some effect with the rider that the cause must precede the effect and other possible explanations are eliminated (White, 1990) . In practice, in the social sciences, causality is usually accepted in empirical research as requiring three conditions:
(1) that there is an association found between variables that logically might influence one another; (2) the causal variable must produce its influence before the outcome occurs; and (3) other possible explanations must be eliminated such as a third variable that influences both variables (Blaikie, 2003) .
Here, we need to be careful not to claim too much when we use the word causation. We acknowledge it is not possible to test for true causation through statistical methods; instead our focus is on differentiating the forward and reverse influences that can be attributed as causes of performance improvement, hence our use of the term attribution testing. In other words, we wish to separate performance effects that are due to counter-intuitive causes (that we will label as "reverse attribution") from effects that can be attributed to the dependent variables(s) being studied. QCert has been shown in our literature review to have a chain of influences that might be a sufficient condition for the occurrence of better financial and sales performance. In other words, we have a plausible sequence of casual relationships (Figure 1 ) that we can view as mechanisms that can explain why QCert could cause improved financial performance and we have found associations between them that indicate that a relationship exists between them. However, for causation to be attributed we also need to satisfy the other two conditions. We need to show that better performance did not precede QCert and that there are no other explanations for it.
So how can this be operationalised? To do this we need research designs that go beyond the dichotomous idea of comparing certified firms with those that are not-certified, by splitting from the non-certified firms those firms that will be certified in the future. These "not-yet-certified" firms are firms that are not certified in the year being analysed but become certified firms later in the longitudinal study. Thus, in our design we have three cross-sections, not-yet-certified, certified and a control group of non-certified firms. Figure 3 shows these three groups and their relationships.
To test whether performance improvement is entirely due to QCert we would need to show that three conditions are satisfied. Firstly, we would need to show that the effect exists in the presence of QCert but is absent when QCert is not present. Secondly, we would need to show that the effect does not precede QCert, and thirdly we would need to demonstrate that the effect magnitude of the QCert influence on performance was substantial. So we would need to test for the effect by showing that certified firms [x ] had better performance than non-certified firms [y ] . We would need to establish that firms prior to their certifications that we label "not-yet-certified firms" [z ] had similar performance to non-certified firms. Finally, we would need to test for the magnitude of the influence (effect size) by showing that certified firms had better Shedding light on causation performance compared to not-yet-certified ones. Thus, full causal attribution to QCert requires: x . y, z ; y, x . z. However, if we find that not-yet-certified firms and certified firms have better performance than non-certified firms and there is little or no difference in performance between not-yet-certified firms and certified firms then a full reverse attribution mechanism is found. This indicates causes other than quality QCert are responsible for the better performance. Thus, full attribution of better performance to other causes requires: x . y, z . y, x ; z.
If better performance is found in both not-yet-certified and certified than non-certified firms, and certified firms have better performance than not-yet-certified firms, then we have co-causality of better performance. Some of the performance differences can be attributed to QCert with the rest being attributed to reverse attribution. Thus, the performance attributable to QCert ¼ (x 2 y) 2 (z 2 y) and that for reverse attribution ¼ (x 2 y) 2 (x 2 z).
Therefore, we used three significance tests to determine the relationships between performance improvement and QCert:
(1) T1, this is the size of the combined effects of causal attribution to certification and reverse attribution [aggregate effect size test (x 2 y) . 0]. Figure 3 graphically shows these tests. Using the causality logic, we can see that T1 tests for a significant effect associated with the cause(s), while T2 is a causal attribution test which determines the magnitude of reverse attribution. Finally, T3 is a test of the magnitude of the effect attributable to the independent variable QCert. At this point we need to make it clear that we are not suggesting that these tests are the ultimate solution in attribution testing, for that more complex and costly research designs are required (Pearl, 2005) . Rather, the simple tests proposed here represent the minimum needed to test for the potential influence of reverse attribution in the Not-YetCertified z IJOPM 28,7 interpretation of performance attribution. At this point we need to emphasise that the primary purpose of this paper is not to analyze the pros and cons of different methods that can be used to "safely" attribute performance to an independent variable (which we acknowledge that the Barber and Lyon methods used by Corbett et al. and Naveh and Marcus that were reviewed earlier do achieve) but to explore the possible influence of reverse attribution in the interpretation of the many studies whose results can only show association. However, the testing method we propose does have some advantages over the prior performance matching methods of Barber and Lyon (1996) .
Foremost is that the attribution testing method reports the effects attributable to the independent variable and any reverse attribution. Knowing the effect size of reverse attribution is important in its own right if we are to present findings in a broader theoretical frame where the influence of unknown effects is acknowledged and propositions derived that may explain their possible origins. In addition the method proposed is versatile and can be used on small data sets, unlike the panel-data matching methods (Barber and Lyon, 1996) used by Corbett et al. and Naveh and Marcus that require very large longitudinal data sets. Finally, the attribution testing method we propose can be appropriate in situations where data is only available at limited intervals where the Barber and Lyon approaches would not work.
In summary, the method proposed avoids some of the demands of panel matching methods but does introduce a drawback associated with any research that uses a cross sectional control group. This enables the influence of firm size and industry selection effects to be controlled for but there remains the risk that the control group can be unrepresentative in terms of its profitability. However, the method's strength is that it provides the researcher with a metric for the effect size of reverse attribution.
A test of the method
The research data that we use to demonstrate the attribution testing method comes from the Basque Autonomous Community, which is considered, with Madrid and Cataluña, to be one of the regions in Spain where ISO 9001 registrations are concentrated. The dataset is identical to that used by Heras et al. (2002a) . In that paper, however, it was analyzed using a T1 type test that can only indicate association.
The data for that study were gathered from the Ardán database that is one of the most comprehensive in Spain for economic and financial information. The data are recorded from, among other sources, the profit and loss accounts and balance sheets that companies must submit to the Mercantile Register.
For the analysis, two samples were drawn from the database. The first was a sample of 400 ISO 9001 certified companies (in the manufacturing, construction, retail and services sectors), the first of which were registered in 1995. The second was a sample of 400 non-certified companies matched by industrial sector to four digits of the CNAE code (the Spanish equivalent of SIC codes). Data were available for the years 1994, 1995, 1996, 1997 and 1998 , and included the sales revenue for each accounting year, as well as the profitability ratio (ROA, the ratio of net profit before interest and tax on total assets). In addition, for the certified companies, the data set included information on their last quality certification registration date. This information on registration dates was checked with the registration bodies and, where necessary, with the companies to ensure that the date used was the true date of the firm's initial registration to ISO 9001.
Shedding light on causation
Possible sources of bias in the two samples were checked. We noted that certified firms had on average larger sales turnover than non-certified firms did. To test that any difference in profitability of the certified companies was not a direct result of their larger sales, we used the z-test of proportions, with a level of significance set at 0.05, as well as a t-test for differences in means. Both these calculations indicated that there was no statistically significant effect of turnover on ROA.
Likewise, to see if industry selection effects existed for ISO 9001, the average profitability ratio for all the sectors (manufacturing, construction, retail and services) for all years was calculated to establish whether any sector differences between the samples and the control were creating a bias in the results. No statistically significant differences were identified using t-tests. Therefore, we may be confident that any differences between ISO certified and non-certified companies found are not related to the firms' size or sector distribution of the two samples.
In the study we used the registration year to split the not-yet-certified from the certified companies since we found no evidence of any increase in firms' performance in the one or two years prior to certification in the Figure 2 data from the Häversjö or Wayhan et al. studies or in our earlier work that used an event study method on our data (Heras et al., 2002b) .
In summary, the research design consists of three samples of firms: certified, not-yet-certified and non-certified for each of the five years, and two variables, sales growth, and return on total assets employed (ROA).
Findings
We start by briefly presenting the findings of the original longitudinal study (Heras et al., 2002a) . These provide a starting point that allows later comparison with the attribution testing method results. In the original paper a dichotomous split was made between certified and non-certified firms (not-yet-certified firms being excluded from the analysis). The results for the two samples average year on year sales growth are presented in Table II . The findings indicate that certified firms achieved substantially greater cumulative average sales growth (56 per cent) than non-certified firms (40 per cent) during the five years, with two out of the four years being statistically significant.
A similar picture emerges for profitability (Table III) with certified firms enjoying better average profitability (ROA) than non-certified firms over the five-year period with their average ROA being 8.67 per cent compared to non-certified firms' 6.89 per cent. Here, two out of the four years show statistically significant differences.
These sales and profitability results provide good evidence for sustainable improved performance being associated with QCert (given that the tests for company size bias and industrial sector ISO 9001 selection effects showed these had no influence). However, as often seems to be the case in this field, practitioners' intuition is 1994-1995 1995-1996 1996-1997 1997-1998 (Breeze, 2004) . If causality is claimed on the basis of a T1 effect test it is being assumed that not-yet-certified firms have similar performance to non-certified firms (T2: z ; y) which in turn implies that a T3 test (x . z) would show similar gains to a T1 test (x . y). To see if these implications are valid we now examine the same data set but include in our findings the results for not-yet-certified firms (these are firms that will be certified later in our longitudinal analysis). The findings for sales growth are shown in Table IV . Shown alongside the percentage sales growth for each of the years are the significance level results for Mann-Whitney U tests for the attribution tests we described earlier. Overall sales growth is significantly better for certified (56 per cent) and not-yet-certified (60 per cent) than non-certified firms (40 per cent) (so TI result x . y and T2 result z . y) whilst for T3 QCert attributable plus and negative differences are found in individual years with a cumulative 2 4 per cent sales growth. None of these T3 results are statistical significant so the result is x ; y. Therefore, the attribution tests meet the conditions for reverse attribution, i.e. that firms had greater sales growth than their peers before QCert but achieve no additional significant sales after it.
The findings for profitability are shown in Table V . Overall ROA is significantly better for certified (8.67 per cent) and not-yet-certified (8.96 per cent) than non-certified firms (6.89 per cent) so TI result is x . y and T2 results is z . y. The ROA cumulative 1994-1995 1995-1996 1996-1997 1997-1998 Shedding light on causation differences attributable to QCert are small (2 0.29 per cent) and not statistically significant so the T3 result: x ; y. Thus, as with the sales analysis, the overall ROA results meet the attribution test conditions for reverse attribution, e.g. that firms had greater ROA than their peers before QCert but show no additional profitability gains from it (given that the tests for company size bias and industrial sector ISO 9001 selection effects showed that these were not an influence).
If we compare these results with those in Tables II and III, We can see that the causal attribution being claimed (Breeze, 2004 ) from T1 effect tests is incorrect since the practitioner's assumption of not-yet-certified firms being similar to non-certified firms (z ; y) that underlies their intuitive attribution of better performance is proved in our study to be false. Our results indicate that while for profitability, statistically significant (z . y) differences exist in all four T2 tests of performance preceding certification no significant effect magnitude following on from QCert (x . y) can be detected in any year in the T3 tests. It is now clear that any profitability gains found in the original research cannot be attributed to QCert but rather to a reverse attribution mechanism. A similar picture emerges when we compare sales growth in Table IV as no statistically significant gains are found in the T3 QCert attribution row for any year.
To check on the robustness of these findings they have been replicated using t-tests, all of which confirm our findings. In addition the test has been replicated using medians instead of mean values but no differences emerge that change the overall findings.
Discussion
Our findings show that when we tested our data using cross-sectional analysis methods such as those found in the majority of the empirical literature on ISO 9001, we also found a significantly better sales growth in certified companies than in the control group of non-certified ones. However, using our attribution testing method on the same data we found that none of these gains can be attributed to QCert. The tests indicate that there is no evidence to support any causal link between ISO 9001 registration and improvements in sales growth. Instead, we discovered through our T2 tests that sales growth in not-yet-certified firms was consistently better than non-certified firms, and similar to the results of the T1 test on certified firms. Our tests thus meet the condition for reverse attribution, which indicates that causes other than QCert are responsible for the greater sales growth. Our findings concerning profitability (ROA) follow a similar pattern. Our earlier cross sectional study (Heras et al., 2002a) indicated that there was an association between profitability and certification. However, on testing for reverse attribution, we found no evidence to support any causal link between ISO 9001 registration and improvements in profitability. Instead we discovered that profitability of the certified firms was consistently better than that of non-certified firms' pre (T1 test) and post (T2 test) registration. Our profitability tests thus meet the condition for reverse attribution, and indicate that better profitability is due to causes other than QCert.
Our findings suggest that cross sectional studies could well be based on a suspect assumption of causality. They ignore the better performance preceding certification that we have found. Our findings on sales growth and profitability clearly illustrate how cross sectional analysis can lead to erroneous inferences of causality, a question we will now discuss in greater detail.
Our re-analysis of our earlier data shows that superior performance precedes QCert rather than the other way around. How does this compare to the other longitudinal studies discussed earlier and summarized in Figure 2 ? Our findings of T2 test differences indicating the influence of reverse attribution are consistent with the results from Häversjö (2000) and Wayhan et al. (2002) shown in Figure 2 . Although detailed results for prior performance are not reported by Corbett et al. or Naveh and Marcus, both note that the average performance of not-yet certified firms is better than that of non-certified firms (Corbett et al., 2005 (Corbett et al., , p. 1057 Naveh and Marcus, 2005, p. 19) . Therefore, there is evidence in all the longitudinal studies of a reverse attribution mechanism being present. However, whereas Häversjö and Wayhan et al. show no T3 effect, which supports a dominant influence for a reverse attribution mechanism, Corbett et al. and Naveh and Marcus do find a T3 effect which is consistent with the operation of both forward and reverse attribution. In other words, they found improvements in performance were achieved after the registration year when they controlled for better prior performance.
So, in summary, all the longitudinal studies (Häversjö, 2000; Wayhan et al., 2002; Corbett et al., 2005; Naveh and Marcus, 2005) support the existence of the reverse attribution mechanism that we have found in our attribution tests. Our own and two other studies (Häversjö, 2000; Wayhan et al., 2002) suggest that this reverse attribution mechanism was the major influence. Two other studies (Corbett et al., 2005; Naveh and Marcus, 2005) note that this reverse attribution mechanism exists but do not use methods that allow them to judge the size of its influence compared to the QCert effect that they found. In Corbett et al. modest performance gains were found while Naveh and Marcus found more substantial gains. However, our own and the other two studies (Häversjö, 2000; Wayhan et al., 2002) suggest that such gains from QCert are far from certain.
Therefore, we must conclude from our analyses that all the studies that could test it found that reverse attribution is a substantial influence in QCert performance attribution. This suggests that where performance benefits are associated with QCert possibly only a modest proportion of the effect found can be reasonably attributed to the causal influence of QCert.
Shedding light on causation
So, what are the possible explanations that might underpin this reverse attribution mechanism? One possibility is that the quality system implementation process takes place well before the certification date and so benefits accrue before registration is achieved. If this is true then event studies should show a discernable step-change in performance leading up to the registration year. Examination of the event study data in Figure 2 for Häversjö and Wayhan et al. indicates that there is no evidence to support this explanation. Although year-on-year results vary there is no indication of sustained improvement prior to the certification year. Similarly, when the data analysed here is presented as an event study (Heras et al., 2002b) no support is found for this explanation. In contrast there is support for this explanation in the panel studies of Naveh and Marcus and Corbett et al. that do report benefits in the year(s) prior to certification. So, on balance, this explanation for reverse attribution is possible but incomplete.
A simple explanation could be that the cost of accreditation is easier to bear for more profitable firms since they will find the costs easier to absorb making them more inclined to pursue QCert than less profitable firms.
An alternative interpretation is that since all the studies are in the earlier years of ISO 9001 growth in adoption, it could be that these pioneer certified companies are characterized by having a greater exposure to international trade. Thus, these firms are exposed to international standards of competition, and to compete they may already have in place many of the characteristics of "best practice" systems of quality management, prior to seeking accreditation. Therefore, pre and post certification business performance will not differ much, since gaining the "badge of quality" is only recognising what were already good quality management systems.
Or could it be that there are latent common causes to QCert and better performance? An explanation could be that when firms already have in place good quality systems they are more likely to pursue certification early since their costs of implementation are lower and these extant quality systems lead to their better than average performance. There appears to be some support for this explanation since there is generally agreement in the literature on quality management system characteristics (the most dominant being improved conformance quality) that reduce internal costs, or are associated with business performance improvement (Maani et al., 1994; Flynn et al., 1995 Flynn et al., , 1997 Forker et al., 1996; Caruana and Pitt, 1997; Adam et al., 1997; Samson and Terziovski, 1999; Hendricks and Singhal, 2001; Kaynak, 2003; York and Miree, 2004) . This explanation appears to be supported, but once again, the research just quoted can only indicate association, so it may be that this performance precedes the cause as York and Miree (2004) have suggested.
Taking the causal chain to its logical end point suggests that high-performing firms may have a propensity to continually seek and learn from progressive practices/systems (as suggested by Easton and Jarrell, 1998 ) that can improve and sustain their capabilities. This may explain their above average performance (on the role of learning see Naveh et al., 2004) . These characteristics equate to those of Hayes and Wheelwright (1984) Stage Four companies where operations are creative and proactive in developing and adopting new practices and systems that relate to competitive performance (Flynn et al., 1999) .
So what are the implications of the reverse attribution mechanism for the interpretation of the literature that is based on forward causation? Clearly, the analyses IJOPM 28,7 cast doubt on any simple inferences about causality being drawn from the broad literature that finds an association of ISO 9001 accreditation with better business performance, since it indicates that firms' superior performance can precede the pursuit of QCert thus inflating any performance difference observed post-certification. Earlier, our review of the empirical literature (Table I) found evidence from empirical research to suggest benefits from QCert were uncertain unless firms had internal or developmental motives to pursue QCert. Could this also be a false attribution of cause, since the possibility exists that these internal/developmental characteristics are those of already high-performing firms and may well contribute to that high performance? Thus, the "internal or developmental motives" intermediate variables may be the common cause of better than average performance that precedes QCert. This is then the reason it is found in the literature as a variable correlated with QCert and better business performance.
Conclusions
In this research, we have put forward three causality attribution tests (Figure 3 ) that we suggest are necessary if correct attribution of causation is to be made. We have used these tests to analyze our earlier research data on sales growth and profitability of 800 firms which were divided into three samples: certified, not-yet-certified and non-certified over a period of five years. We have shown that the substantial difference between certified and non-certified firms' sales and profitability that we reported in our earlier research (Heras et al., 2002a ) cannot be attributed to QCert. The findings of our attribution tests show that better performance preceded QCert indicating the existence of a reverse attribution mechanism.
These findings of better performance preceding registration have also been indicated in the data of all the empirical studies that could be tested for causal attribution (Häversjö, 2000; Wayhan et al., 2002; Corbett et al., 2005; Naveh and Marcus, 2005) . We do not exclude the possibility that benefits can be gained from QCert since two (Corbett et al., 2005; Naveh and Marcus, 2005) of the five studies that can indicate causal attribution show that gains were found. However, the lack of such gains in the other three studies does suggest that such gains from QCert are uncertain.
In the discussion, we put forward three possible reasons for the superior performance we have found prior to accreditation to ISO 9001. It could be that the systems required by ISO certification are costly to implement and maintain, so more profitable firms, are more likely to be able to afford it. Alternatively it may be that the certified companies are characterized by having a greater exposure to international trade, and to compete they may have already emulated "best practice" systems of quality management prior to seeking accreditation. A broader explanation is that there is a latent common cause. The common cause could be that high-performing firms are more likely to seek new practices/systems that can improve their capabilities, which ultimately create their above average performance. Thus, better performance is not caused by any single system or practice but is the cumulative result of a process of continuous adoption, learning and adaptation of new management practices/systems.
We are not suggesting that the attribution tests that we have proposed are the ultimate solution in attribution testing, for that advanced computational methods, very large samples and certain conditions must be met (Pearl, 2005) . Rather they represent the minimum needed to detect the potential influence of reverse attribution that is due to latent common causes. We concede that we are basing our conclusions on the results However, regardless of the control group criteria used, no great differences that would alter their overall results were found, so we do not believe that differences in control group methods have any substantial influence that limits our overall findings. Although we base our argument on only five longitudinal studies, these all used actual financial results which provide more reliable evidence than self-reported results. All have shown better performing companies self-select to adopt quality certification. This is true in three very different countries, Denmark, Spain and the USA, which enables us to conclude that the existence of a reverse attribution mechanism is not just a national phenomenon. However, given that over 160 countries with varied cultural and economic regimes have firms registered to the ISO 9001 standard we accept that this self-selection behaviour may not be universal. So, in summary, the attribution testing method proposed avoids some of the demands of panel matching methods but does introduce the drawback associated with any research that uses cross-sectional control groups. However, the attribution methods strength is that it provides the researcher with a metric for measuring the effect size of reverse attribution.
Shedding
For researchers the paper provides a method for testing the influence of reverse attribution. It also demonstrates the potential confusion in the attribution of causation in research designs that assume forward causation. The influence of reverse attribution, has we believe, profound implications for the interpretation of causation in the substantial literature that shows QCert is associated with improved business performance. In these studies when a link between business performance improvement and quality management system adoption is found, it is tempting to infer that performance improvement can be attributed to the quality management system change (combined with some intermediate variable(s)). Clearly, the evidence presented here for the presence of a reverse attribution mechanism suggests that counter-intuitive explanations can be equally valid. This suggests that co-causation or reverse attribution deserve wider consideration in the development of explanatory models of performance improvement. We suggest that by adopting research designs that can explicitly measure both causal directions a broader understanding of reverse attribution influences can be established. This could provide the justification for future research into exploration of possible underlying causes. This in turn could lead to the development of broader theory that will enrich our understanding of the complexity of performance attribution.
For practitioners, our findings should give pause for thought. It is indeed tempting for managers to believe that ISO 9001 certification will lead to business benefits. After all, firms that they would like to emulate in terms of performance often have it! This is then reinforced by the seemingly pervasive belief (often incorrectly quoted by certifying bodies as supported by research) that a certified quality management system will increase sales and improve profitability. However, our findings indicate that it might be a wise decision to only pursue accreditation if major customers mandate that it is required, since we have found no conclusive evidence that sales or profitability improve after certification. Most reports indicate that certification is a major investment (Casadesús and Karapetrovic, 2005 ), yet our findings show that the money spent on certification has not adversely affected the profitability of firms. This does IJOPM 28, 7 suggest that cost benefits arising from certification are on average sufficient to offset the investment. Therefore, we are not suggesting to practitioners that certification is a bad investment, rather that inflated expectations of performance improvement are likely to be unfounded.
To summarize, we have explained a method that can be used to indicate what proportion of performance can be attributed to QCert compared to reverse attribution influences. Using this method, we have found evidence from the results of our own and four other longitudinal studies that superior performance was present prior to accreditation in all of the studies. In only two studies of the five were any additional sales or profitability found that could be attributed to QCert. Thus, our findings cast doubt on any simple inference about the direction of causation from the broad literature that finds an association of ISO 9001 accreditation with better business performance. Overall, we have found less evidence for the influence of QCert on business performance, than for the counter-intuitive effect of reverse attribution; a mechanism whose underlying causes need to be investigated in future research.
